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Presentation 9 - Mark Peakman

The King’s experience I | CD4 T helper cell differentiahonl

*Investigating cytokine balance in 1# Persian Gulf War IL-10 producing @ Naive

*Epidemiological studies linked multiple vaccines
given in theatre of war to multi-symptom illness
(Hotopfet al)

*Rook & Zumla Th1/ThZ hypothesis

@ Activated Effector

eInvestigation of Th1/Th2 hypothesis: direct
enumeration of Thl/Th2 cells; autoantibody studies

Th1 Effector functions: Th2 Effector functions:
sRecruttment of oytotoxic sRecruitment of B cells;
sInvestigation of multiple vaccine effects (CD&H) T cells antibodies
«Activation of macrophages sActivation of eosinophils
| Cytokine balance in Gulf War-related illness I | Cytokine balance in Gulf Warrelated illness I
ﬂ Btress I
Stage 1 .
of Pertussis I TE GulfWary_EEs______... ______H-__Pomm&ira Vets
n=5045 n=;es

L
i Multiple immunize (raccines) I

¥ Postal questionnaire
6%1 @%@ e

Th [T
Random recruitment;
TFN-y, IL-2 IL+4,1L-13 \ clinical exarmination/lood draw

- - - - Tlness defined (BF3¢

Thl-mediated disease ThZ mediated disease ' | ¢ )

:Destructive autommmunity *Hypersensit ity Symptomatic; sGWVs  Well, wGWVs Symptomatic;, sSBEVs
sMusculo-skeletal 0=57 =63 =55
sHumoral autoirmmunity
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Analysis of eytokine potential of CD4 T cells in Wholeblood'

Unstimulated; CK Stimulated, CK
potential at potential of
samnpling memory CD4 cells
:C'_ polyclonally activated :C'_ polyelonally activated
0.9% 0205 3% : Th2 cells
= 3.5%
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48%

Cytokine balance in Gulf War-related illness: resting cel]s'
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Potential confounders:

Cytokine balance in Gulf War-related illness: resting cells

Th type S3WY w3 WY Ilean diff Mean diff (corrected
(%) ] (corrected for age, | forage, sex, waccines,
=x) depression, alopy)
Th2
IL-4| 30 24 0.6 (p=0.04) 0.3 (p=0.33)
Trl
IL-10 1.7 1.6 0.1 p=0.5) 0.2 (p=0.4)
Thl
IFN-wy| 1.9 14 0.5 (p=0.03) 07 (p=0.01)
IL-21 16 1.1 0.5 (p=0.008) 0.8 (p=0.001)

| Cytokine balance in Gulf War-related illness IT: memory ce]ls'
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Potential confounders | Cytokine balance in Gulf War-related illness I
Cytokine balance m Gulf War-related illness: memory cells Stace 1
TE Gulf War ;\.’T_e_tg___-_,.ige___________fosniaﬁra Vets
Thtype| sOWY | wGWv Mean diff Mean diff {comected n=5046 n=7658
(%) (%) (comected forage, | for age, sex, vaccines,
sex) depressing, atopy) Postal questionnaire
Th2
4| 434 | 36 | 1.0(p=005 07 p=0.1) Stage 2
Trl
L-10| 45 32 |12¢p=0003)| 1.0p=0.03) ~ Random recruitment;
Thi clinical examination/blood draw
Tlness defined (2F36)
IFN-y| 116 11.9 0.4 (p=07 1.6 (p=0.1)
L-2| 173 16.7 1.2 (p=0.3) 1.7 (p=0.2) Symptomatic, sGWVs  Well, w3 WV s Symptomatic; sBEVs
n=57 =3 n=5g

|Cytokine balance in Gulf War-related illness I mermory cellsl Cytokine balance in Gulf War-related illness: memory cells
A IL-a (Stage IT analysis)
1 P=0.0§
P=0.0§
Stage I 4 : Th t};—P e a3WY wIWY Mean diff (comected | Mean diff (comected for
1lin e P T - (%) (%) for age, sex) age, SeX, VACrines,
y f.eS.S. L 'E" o path de pression, atopy)
efinition m W o p—
T L4 43 39 0.4 (p=0.3) 0.4 (p=04)
Trl
R -4 L-10] 5.1 32 1.8 (p<0.001) 1.9 (p=0.001)
k Thl
Stage T | IFN-v| 120 116 0.6 (p=0.6) 1.6 {(p=0.1)
Tlness 4 - .
D et . IL-2] 174 16.4 1.2 (p=03 1.8 (p=02
definition o H% e i ®=03) ©=02)
» :l.
sk TreRT et
SBEV WGWV sGWV
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Relationship between cytokine balance in
Gulf War-related illness and vaccines Condlusions T

*CD4 T cell cytokine balance abnormal in GW-related
Trend for | Thil il &
11s with 1 eSS
ce ) +On-going ThO (Th1>Th2) activation
YeCDA/IL-4+ %CD;ETF Nt vaccines +TIL-10 production by memory cells
o
8 oo Gl [ P<0.05 *Th2 activity:- results equivocal
5 g ® ™ Cea 2 . ae *Relationship to vaccines: complex
o a —og- ol 15 am WE o e
& - o’s 93 qoo —_ & o
4 ‘.;En_ _ﬁﬁr 2 10 o Jia_ . T L
2 o s v a ] H =30 Egbo
0 - 0
u} 1 2 2 4 u] 1 2 3 4

Vaccine quintiles

Summary of Th1/Th2 analyses: can we close the loop? I Conclusgions IT

Expansion of memory IL-10 producing cells:

+IL-10 15 a major imrmunoregulatory cytokine

*Inhibits activation and function of T cells and APCs
*Potent negative regulator of Th cells

Expansion of
IL-10 producing sMechanisms of IL-10 effect?
Multiple CDAT cells *Consequences of IL-10 production for vaccination?
vaccines
On-going ThO
activation

N [Th2 bias (weak)
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Comparison with chronic fatigue syndrome patients I

| Cytokine producing cells in chronic fatigue syndrome: resting CD4I
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| Cytokine producing cells in chronic fatigue syndrome: memory CD4 I
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p= 0.0001

CONTROLS

CONTROLS
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B L1

CONTROLS CF§

CONTROLS CF8

Other potential markers of “Th2-ness™:

Analysis of anti-nuclear autontibodsies in GW
veterans and CFS patients
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Homogenous ANA

Nuclear Envelope (NME) ANA
(Eng Tan, 3cripps, 199¢)

Prevalence of anti-nuclear autoantibodies in Gulf War-related 111ness|

Hemog | Speckled | Huclealar | Total(3%)
SOFWV (=130 a4 3 3 10 ¢8)
WOWV (=900 o} 1 2 3(3)
sBEV (n=128) 7 2 2 11 (%)
Controls =510 2 2 2 6012}
CFE (n=100) 0 9 s |18018)
Controls =111 7 & 5 15 (18)

Conclusions IIT

*There is some resemblance between the Th1/Th2
profile in GW veterans and CFS patients

+If primary, suggests common pathogenesis
*Imrmune changes could be secondary

*No evidence for increased anti-nuclear antoimmunity

in GW veterans

SBummary of Th1/Th2 analyses: can we close the loop? I

Multiple
vaccines

Dendritic cell

Disease effect I

Expansion of
IL-10 producing
CD4 T cells

Cn-going Tho
activation

Ly
N [Th2 bias (weak)
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‘ Vaccine/pathogen interactions with the innate immune system [ I

VACCINE

EE mucosa
Ee— ., Th naive @
#’ Affec’ror

pathogen

o> T,

\\.;‘1@

immature mature effector DC
sentinel in lymph nodes
dendritic cell
(DC) in tissues

Dendntic cell:

DCs acquire: Pathogen-sp ecific signals to DCs
1. antigen signal 1: antigen

Signal integrator for T cells

2. activating zignals
3. polarizing signals

gignal 2: Co-stimulatory molecules
signal 3: Polarization (cytokines)

Vaccine/pathogen interactions with the innate immune system II I

Activating and
polarizing
(“danger”) signals

&

Immature DC

GDC)

fntracef!ular bacterial @ —_
vzmses

Bactarial cell wall @

LPS

i o~
pgrmsszs @ —
manm

Mature effector

Studying vaccine interactions with the innate immune
system

«In vitro model of vaccine interactions with the innate
immune system

+Use of model to examine multiple vaccine effects

+Assessment of in vivo T cell immunity to vaccines
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Anin vitro model of vaceine/DC interactions I Vaccine preparations I
Human monocytes
*UK human anthrax vaccine
24 hours 48 hours *Ppt from B anthracis cultures, alum adsorbed
vaccines vac:mes *Major immunogen is protective antigen but also
vaccines + contains lethal & cedemna factors
WF
pgﬁ&nzf l) *Plague vaccine
iDC s exposed to Degret of DC sHeat killed ¥ pestis
vacrines maturation (co-stim) 14 days
; +
mn 1‘3:;;11: of Th naive *Whole cell pertussis
Th outgrowih *Heat killed B pertussis
and polanzation
Maturation of vaccine-stimulated iDCs: Maturation of vaccine-stimulated 1DCs:
single vaccines multiple vaccines
HLADR ChEe CDE3 HLA-TE CDEG CDE3
8 8 2
g 2 g g
# # # #
EI ¢ hl 1o jig l:I| ¢ il “ o 107 1! 1 |:|‘ ¢ 1 1 1l
HLAOR coEe HLe-DR co&E
— isolype  =—iDC —MF — anthrax — plague| | — isotype  =——iDC = ATIHPLG — ATXHPLGHPAR
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Anin vitro model of vaceine/DC interactions I | Cytokine production by vaccine-stirmulated iDCs I

Human monocytes

Thl promoting ' Pro-inflammatory '

e I:—ours 48 hours
. + PG E2+MF —
: —
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WF 0 E3 E] % 0 o wm m mm
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iDCs exposed o Degree of DC 2
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PR e u B I ™
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| Cytokine production by vaccine-stimulated iDCs I | Cytokine production by vaccine-stimulated iDCs I
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An in vitro model of vaccine/DC interactions I

Human monocytes

Vaccine-stinmlated Th outgrowth and
polarization: single vaccines

Controls Tho Thi Th2
155 7 B3 = o 1

# }iuurs 438 hours @
VACCites 48 }:—.Uurs vac;nes 3 | | i
o vacenes F | i 192 |- 663, b & w7
Cytokine o TFN -y F11C
potentia of e :
iDCs exposed to Degree of DC 2 Vaccines Anthrax Plague
vaccines maturation (oo -sim) 14 iays 56 =
in prezence of Th nsive 1" j
vaccines & o
Th outgrowth 3 L
and polanization - k‘w 9
RNy FITC
Vaccine-stimulated Th outgrowth and Conclusi v
polarization: multiple vaccines m
[}
Vaccines Anthrax Flague — Pertussis
TR BN 6 A= 9 H *In vitro maturation and activation of DCs mirrors in
& 3 e vivo encounters with pathogens
-+ P
H 143, | M 10 | e 97 _ _
’ - = e *Bio-wartare vaccines anthrax and plague are poor
= = . . .
TFN-y-FITC immunogens as a consequence of poor DC stimulation
. *Note Mrtrire July 17 2003 Agrawal et al: anthrax LF
Mix A ..Anth.rax+Plague AntheaztPlaguet Pertusss severely impairs DC function; 7 B Med Oct 2002,
91 33 = 4 Sing et al: Yersinia V mtigen induces IL-10 from DCs
@ [
P N
; k« e | :: «Combinations of vaccines exhibit summative effects on
BE s B R E . ‘m“ 19:6, DC activation and maturation

L
IFH--FITC
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T helper cell responses to bio-warfare vaccines I I
Conclugions V

Control antigen tetanus
70

L

*Recall responses to bio-warfare vaccines are detectable
in Gulf War veterans 11-12 years after vaccination

Mumber of cells

*Preliminary results reflect mixed Thl/Th2/Trl
immunity to anthrax, poorer immunity to plague

Mumber of cells

*Evidence of cellular immune activation in GW Key collaboratorsl

veterans, but analyses and relationship to vaccines
diffi cult to evaluate, presumably due to time elapsed

*Simon Wessely, Matthew Hotopf, King’s College

«In vitro model of DC activation by vaccines provides a London
technology for assessing single vaccine effects, and for

asseszing multiple agents «Gareth Griffiths, DSTL, Porton Down, UK

*Multiple agents appear to have predictable, summative *Martien Kapsenberg, Esther De Jong, U Amsterdam

effects

*Funding: Medical Research Council, UK; US DoD






